ABSTRACT
INTRODUCTION
The spatial, temporal and spectral characteristics of the remote sensing data are effectively used in land use and land cover change mapping, hence helping in decision making for sustainable land resource management. Land use/land cover changes play a major role in the study of global change [1] . This paper is an attempt to define the spatial-temporal difference in the Winder area. This area is part of Balochistan, which is located between latitude 24˚53'N to 26˚42'N and longitude 65˚15'E to 67˚27'E (Figure 1 ). This area is physiographically known as the Porali basin that was developed by the alluvial deposits of the Porali River and its tributaries [2] . Rainfall is erratic and scanty [3] but a large catchment area provides enough water. Land is cultivated mainly by irrigation methods (pumping well system). Horticulture, rangeland and fish farming are common economic activities found there. Due to the area's location, many industries were found nearby in a recent survey. The area is located near the coast and therefore fishing is one of the important economic activities observed. Almost all the people living near the coastal area are engaged in fishing activities.
The economy of the area studied is largely based upon the production of fruits, crops and the intake from fishes. Agricultural land use has been expanded in this area similar to the rest of the country [4] . Plantation facilities of the fruit farms and cultivation of crops by irrigation have been found to be important features. Use of rangeland for herded livestock is also very important. Beyond the limited farming in the east of the country fishing along the Arabian Sea coast is another type of income and sustenance for the local population. Conditions of economic activities are gradually improving but the region is still backward as compared to other parts of Pakistan.
Remote Sensing as a science has emerged as one of the most diversified subjects over the last four decades. Satellite Remote Sensing, with its unique capability of providing repetitive, dynamic and global coverage at high temporal and spatial resolution, is very useful for the analysis of changes taking place in the coastal areas [5] . The major advantage of GIS is that it allows identifying the spatial relationships between features and temporal changes within an area over time [6] . Experience has shown that many earth surface features of interest can be identified, mapped and studied on the basis of their spectral characteristics, although some features of interest may not be spectrally separable. To use Remote Sensing data effectively, one must know and understand the spectral characteristics of the particular features uner investigation [7] . Remote Sensing data help in mapd ping land resources and management, especially in desert and mountainous areas where accessibility is limited [8] . Land cover and land use mapping are thus very important for evaluating the natural resources [9] .
Satellite Remote Sensing, in conjunction with geographic information systems (GIS), has been widely applied and recognized as a powerful and effective tool in detecting land use and land cover change. It is also the suitable tool that extracts the satellite data and converts them into an attribute and spatial form and projects the required results in presentable shape [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The geographical location of Winder is important factor that could be viewed from many dimensions. Geographically this area is located near the south western margin of Balochistan. It is located about 90 km from the largest commercial city (Karachi) of the country. The location near the big city provides the market and employment that enhances the prosperity of the local population. Physiographically, this area is located in an alluvial basin which is called Porali Basin. Physiographic location along with the catchment areas and the alluvial basin provides the water resources. Proper resource exploitation and good management can boost the economy of the local community. Another important feature of the location is the proximity of the coast. The structural feature of the coast has a dual importance. It not only provides the supply for fishing but its special structure can provide the harbor. Use of the Miani Hor could be muiltidimension, i.e., sanctuary for mangroves, fish harbor or port. Long term planning and management of this area will have a decisive long term impact on the whole region.
METHODOLOGY
This study is carried out to evaluate the change in ag- These images of three periods were used for image processing and analysis. The first step was the pre-processing of the original images. Initially, the images have been geo-referenced by using the Datum WGS 1984 and the Universal Transverse Mercator (UTM) projection in a projected coordinated system with first order transformation and re-sampled by the method of nearest neighborhood for display. After this operation, subsets for the study area were extracted from original full scene images.
In the second step three bands were selected for each image. Bands 1, 2 and 4 were selected from a Landsat MSS image and Bands 2, 3 and 5 were selected from Landsat ETM. A SPOT image collected was already composed of three bands 1, 2 and 3. The segregated bands of the each image have been composed into False Color Composite (FCC) image in .img format. Standard deviation stretching was applied from each data set.
Land use classes are typically mapped from available satellites data through the process of supervised digital image classification [20, 21] . Supervised classifications of images have been processed with the help of ground truthing information and digital topographic maps of the study area. For the accuracy and assessment more than 55 locations have been marked as identified objects from the field by using Global Positioning System (GPS). The area has been simply classified into three categories to achieve the targeted objective. Images have been categorized into cultivated area, rangeland and silt & sand.
Use of the Geographical Information System (GIS) with the application of computer aided technology was also useful in this study. With the help of this tool the selected and classified images were used for the mapping of the study area. All these images collectively provided the detailed information. Topographic map of 1:50,000 scale were also taken in consideration for correlation studies. Themes of the maps were based on categories of classified images because the main objective was to calculate the area from them. The area of the selected classes was calculated by using the Visual Basic Application (VBA) in Arc GIS 9.3. The software used for data compilation is Arc GIS 9.3, Erdas Imagine 8.7, Adop Photoshop and Excel.
AGRICULTURE IN WINDER
Land use survey was conducted for retrieving the relevant grass root level data of the study area and ground truth survey was conducted for verification of objects identified on images. Location, physiography, climatic conditions and vegetation collectively define this area as very promising for land use activities. The development of land use activities in this area depends on indigenous resources. Therefore traditional types of land use activities were observed during the survey in question. During a concurrent field survey of the study area many types of land use activities were observed. 1) Irrigated cropping; 2) Fruit farming; 3) Rangeland. Irrigated fields are the smallest but most productive areas used for crop farming. Water is lifted from a well or supplied by a pump to the field through a series of gravity-fed channels. Many electrically-powered pumps were seen at survey sites on the edges of villages with electricity supplied by the government.
Fruit farming is one of the major prominent features found at Winder. It is also one of the most productive economic activities, because it provides a reasonable return to the farming community. Guavas, Bananas, Papayas, Mangoes, Sapodilas and Dates are commonly produced.
Grazing and Browsing of livestock is a common feature of rural society. Breading of farm animals is the basic but dominant profession in the rural society of Balochistan, especially in our study area. The Porali basin is a very productive area and about more than half of its land is used as range land. Grazing and browsing of herded livestock were commonly seen during the survey. Herders mostly went to graze their animals in the proximity of irrigated land, so that they could perform their work within a day.
RESULTS AND DISCUSSION
The town of Winder is located near the coast of Miani. We can see in the satellite view of the study area ( Figure  1 ) that cultivated area is irrigated by the Winder River. This river is developed by contributories flow from the catchment areas in the north-east of the study area, where Piaro and More Ranges are located, while the Pub range is located on the east. The eastern, north-eastern and south-eastern parts of the study area are covered by small ranges while the western and southern parts are bordered by the Arabian Sea. Many features are seen in the coastal area, where the Winder River is emptied into the sea and forms an estuarine delta. The North and south of the delta are covered by sand dunes. Some patches of the mangrove vegetation are also found near the coast. The rest of the area is covered by range land. The plain area is part of the Porali basin which is formed by the Porali River and its tributaries which are drained into the Miani Hor [22] .
The satellite views of the study area (Figure 1) show the land classes of the Winder basin. Figures 3-5 of the cultivated area has increased and 11.71% of the range land decreased, which has almost been replaced by cultivated land. In this study, the spatiotemporal difference in agricultural land use has been determined. The SRS technique was used to evaluate the difference in agriculture land use during different time periods. The study area was divided into three main classes. The spatiotemporal difference in cultivated areas in the last 30 years seems to be encouraging from the results. About 20,000 acres of land for cultivation has increased during this period, while the range land area has decreased by about 2000 acres and the area covered by silt and sand has continuously decreased as it is being replaced by cultivated land.
